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We present results for the photoproduction of uj and <j> meson in the nucleon isotopic 
channles. A recently developed quark model with an effective Lagrangian is em- 
ployed to account for the non-diffractive s- and «-channel processes; the diffractive 
feature arising from the natural parity exchange is accounted for by the t-channel 
pomeron exchange, while the unnatural parity exchange is accounted for by the 
<-channel pion exchange. In the cu production, the isotopic effects could provide 
more information concerning the search of "missing resonances", while in the <j> 
production, the isotopic effects could highlight non-diffractive resonance excita- 
tion mechanisms at large angles. 

1 Introduction 

The availabilities of high intensity electron and photon beams at JLab (CLAS), 
ELSA (SAPHIR), MAMI, ESRF (GRAAL), and SPring-8 give accesses to 
excite nucleons with the clean electromagnetic probes, thus revive the interest 
in the search of "missing resonances" 111 in meson photo- and electraumduction. 
Vector meson photoproduction near threshold attracts attentionsa'EnaM since 
those "missing resonances" could have stronger couplings to this channel such 
that their existing signals might be derived. 

Taking into account large degrees of freedom in the resonance excitations, 
experimental efforts for such a purpose is by no means trivial. Historically 
experimental data for photoproduction of vector meson in isotopic channels 
are very sparse. In contrast with the reaction j+p — > u>(p ) + p, there are only 
few dottes available for 7 + n — » p~ +p and 7+p — > p + +n, while experiment on 
7+n — > u)((j))+n is not available. The main feature in the latter reactions is that 
the electric transition vanishes in the nucleon pole terms. Nevertheless, due 
to the change of the isospin degrees of freedom, interferences between different 
resonances and processes will change significantly Nevertheless, in the neutron 
target reaction, resonances of quark model representation [70, 4 8] are no longer 
suppressed by the Moorhouse selection rule 13, thus will add more ingredients 
into the reaction. Briefly, apart from various polarization observables which 
could provide rich information about the reaction mechanism, coherent study 
of isotopic reactions could also highlight signals which cannot be seen easily in 
a single channel. 

Our motivation of studying the isotopic production of the <f> meson is rather 
different from the lo. Our attention here is paid to the effects from the non- 
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diffractive s- and u-channel <f> production in polarization observables. The 
study of isotopic reaction provides us with insights into the non-diffractive 
processes at large angles (large momentum transfer with W w 2 ~ 4 GeV). 
Since the <j> meson has higher threshold (E 1 w 1.57 GeV), where a large num- 
ber of resonances can be excited, the non-diffractive resonance effects could 
exhibit more collectively rather than exclusively from individual resonances. 
Another relevant interest in <f> production is to detect strangeness component 
in nucleons r _jvhich could be another important non-diffractive source in the 
reaction Although our study does not take into account such a mech- 

anism, we shall see that our results provide some supplementary information 
for such an effort. 

I^Jais-proceeding, a quark model approach to vector meson photoproduc- 
tion 0&tiE3 is applied to the photoproduction of to and <j> meson off the proton 
and neutron. Our purpose is to provide a framework on which a systematic 
study of resonance excitations becomes possible. 



2 The model 

Our model consists of three processes: (i) vector meson production through 
an effective_Lagrangian; (ii) <-channel pomeron exchange {V) for w, p° and <j> 
production E3; (iii) i-channel light meson exchange. Namely, in the ui and <f> 
meson photoproduction, the 7r° exchange (tt) is taken into account. ^ 
The effective Lagrangian for the V-qq coupling is: 

L eff = ?(a 7 , + ^VV, (1) 

where ip (tp) denotes the light quark (anti-quark) field in a baryon system; 
represents vector meson field (oj, p, K* and <j>). In this model, the 3-quark 
baryon system is described by the NRCQM in the SU(6) <E> 0(3) symmetry 
limit, while the vector meson is treated as an elementary point-like particle 
which couples to the constituent quark through the effective interaction. Pa- 
rameter a and b denote the coupling strengths and are determined by experi- 
mental data. 

The tree level transitions from the effective Lagrangian can be labelled by 
the Mandelstam variable, s, u, and t: 

M fi = Mfc + M?< + M% . (2) 

Given the electromagnetic coupling H e = —ip^f^eqA^ip, and the effective strong 
coupling H m = —ipia^fn + it ^ i " 9 )V fl 4': t ne s ~ an( i w-channel with resonance 

a In the p° production, the a meson exchange is included. 
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excitations can be expressed as, 



M}t U = T,( N f\ H m\Nj)(N j \ E _ E He\Ni) 

j 1 7 J 
+ (Nf\H e -\NMNj\Hn\Ni), (3) 

Hii — LU m — hij 
3 J 

where u 7 and uj m represent the photon and meson energy, respectively. In this 
expression, all the intermediate states \Nj) are included. A simple transfor- 
mation for the electromagnetic interaction leads to, 

M s f t u = i(N f \\ ge , H m ]\Ni) 

+iu; 1 J2( N f\ H mW j ) (Nj | — h e \Ni) 

+^ 7 ^(iV/| h e 1 Nj )(Nj\H m \Ni), (4) 

3 J 

with h e = X)z e ' r i ' 6 7(1 ~ a ' k)e lk ' r ', and g e — X); e ' r ' ' 6 7 e S where 
k = k/w 7 is the unit vector along the photon three-momentum k. We identify 
the term i(Nf\[g e , H m ]\Ni) as a seagull term M|f, and re-define the second 
and third term as the s- and w-channel, respectively. The tree level diagrams 
are illustrated in Fig. |l|, where a bracket on the seagull term gives a caution 
about its origin. 

In the NRCQM, those low-lying states (n < 2) have been successfully 
related to the resonances which can be taken into account explicitly in the 
formula. For those higher excited states, they can be treated degenerate in the 
main quantum number n in the harmonic.ps.cillator basis. Detailed description 
of this approach can be found in Ref. BEiltl. The lu and <f> production are 
significantly simplified because of isospin conservation. Namely, only isospin 
1/2 intermediate resonances will contribute in the reaction. Another advantage 
for these two reactions is that both particles are charge-neutral. This feature 
leads to the vanishing of the ^-channel vector meson exchange and the seagull 
term. In the end, only the s- and w-channel (S+U) from Eq. |] will be the 
contribution source from the effective Lagrangian. In addition, the Moorhouse 
selection ruled further simplifies the calculations for the proton target reaction. 
Due to this selection rule, resonances belonging to representation [70, 4 8] would 
vanish in the 7p — > N* transitions. 

Apart from the S+U from the effective Lagrangian, our model includes 
the pomeron exchange (V) to account for the diffractive phenomenon in vector 
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Figure 1: Tree level transition diagrams for the reaction. 



meson photoproduction. In this modelE3, the pomeron mediates the long range 
interaction between two confined quarks, and behaves rather like a C = +1 
isoscalar photon. We summarize the vertices as follows: 

(i) pomeron-nucleon coupling: 

where (3q = 1.27 GeV -1 is the coupling of the pomeron to one light constituent 
quark; f(t) is the isoscalar nucleon electromagnetic form factor with four- 
momentum transfer t; the factor 3 comes from the "quark-counting rule" . 

(ii) Quark-0-meson coupling: 

V v ip - ^q,p+^q) = h M <tHv , (6) 

where fy is the radiative decay constant of the vector meson, and determined 
by T v ^ e + e - — STTalcqfy /2>My . A form factor /^/(Mo +P 2 ) i s adopted for 
the pomeron-off-shell-quark vertex, where fj,o = 1.2 GeV is the cut-off energy, 
and p is the four-momentum of the quark. The pomeron trajectory is a(t) = 
1 + e + a't, with a' = 0.25 GeV -2 . 

The 7T° exchange is introduced with the following Lagrangians for the irNN 
and 07T7 coupling: 

LnNN = -ig-KNNi)^{T ■ 7T )tp . (7) 
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and 



W 7 = e N y -^e aM5 d a A^d^V^° . (8) 

My 

where the commonly used couplings, g^ NN /iir — 14, — 3.315 and = 
0.143, are adopted. 

An exponential factor e~' q_k ^ / 6a *- from the nucleon wavefunctions plays 
a role as a form factor for the irNN and (fmj vertices, where a, = 300 MeV 
is adopted. This factor comes out naturally in the harmonic oscillator basis 
where the nucleon is treated as a 3-quark system. 

3 Results and discussions 

Application of this approach to the to meson photoproduction shows a great 
promise. A coherent study of the p meson photoproduction also highlights 
the approximately satisfied isospin symmetry between the to and p meson. 

In 7p — > ujp, the old measurements L3 of the parity asymmetries at E 1 ~ 
2.8, 4.7 and 9.3 GeV provides very strong constraints on the natural (V) and 
unnatural-parity exchange (7r). It was shown that at E 7 — 2.8 GeV, the parity 
asymmetry has a negative value which suggests the still dominant contribution 
from the pion exchange. At 4.7 GeV, the natural-parity starts to dominate 
over the cross section, and at 9.3 GeV, the parity asymmetry is completely 
dominated by the pomeron exchanges. Such an energy evolution of the parity 
asymmetry above the resonance region constrains the "background" terms, 
which then can be extrapolated down to the resonance region. In Refuiij, 
we show that such a_scheme is consistent with the experimental data for the 
parity asymmetries liil, and indeed leads to a reasonable estimation of these 
"background" terms. 

3.1 uj meson photoproduction 

Parameters at resonance region for the uj photoproduction are constrained 
approximately by the SAPHIR datalij. It shows that a = —2.72 and b' = 
b — a = —3.42 give an overall fit of available data. 

In Fig. ||, differential cross sections for the isotopic channels are presented 
at four energy bins, E 1 =1.225, 1.450, 1.675 and 1.915 GeV, and compared 
with the SAPHIR dataE3. It shows that near threshold the 7r° exchange {-k) 
dominates over the other two processes at small angles, while V will compete 
with 7r with the increasing energies. The exclusive V and 7r in the proton and 
neutron reaction are changed slightly due to the small difference between the 
proton and neutron mass. The S+U contributions generally dominate at large 
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Figure 2: Differential cross section for ■yp — » u>p (upper column) and 771 — » <j>n (lower 
column). The dashed, dot-dashed, and dotted curves denote exclusive results for process, 
S+Ut^P and w, respectively; the solid curves represent full model calculation. Data are from 
Ref.B 



angles. Compare these two isotopic reactions, we see that the main impact of 
the change of the isospin space comes from S+U. 

Interesting interfering effects among these processes could be seen in po- 
larization observables. In Fig. [|, we present predictions Jbr £ = (2p\ 1 + 
Poo)/(2Pii + Poo)' which has been measured by GKAAL EJ. Here, p 1 and 
p° are density matrix elements in the helicity space E3. One important feature 
of S is that large asymmetries (deviation from 0) cannot be produced by the 
exclusive V, tt or V + it. As shown by the solid curves, large asymmetries are 
produced by the interferences between the V + ir and S+U processes. Interest 
arises from the comparison of the isotopic reactions. It shows that the S+U 
produces flattened positive asymmetries in 771 — > luh near threshold. Specif- 
ically, we show the effects of Pi3(1720) in the S, which suggest that isotopic 
reactions could have outlined more information. 

Another interesting observable with polarized photon beam is, = (p^ + 
Pl-i)/ As found in Ref.tl, this observable is more sensitive to small 
contributions from individual resonances. Due to lack of space, we shall only 
show the calculation of Sa for the <f> production in the next Subsection. 
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Figure 3: Polarized beam symmetry for the proton [(a)-(b)] and neutron reactions [(c)-(d)] 
in u> production. The solid, dashed, and dotted curves denote the full model calculation, 
V + 7T, the full model excluding the Pi 3 (1720). 

3.2 4> meson photoproduction 

In the <fi meson production, the parameter a = 0.241 ± 0.105 and b' = b — a = 
0.458 ± 0.091 fcuithe effective (j)-qq coupling are determined by the fit of old 
data from Ref. E£l at E 1 = 2.0 GeV and the recent data from CLASEl at 3.6 
GeV. These values are much smaller than parameters derived for the ui and 
p production. Qualitatively, the 4>-qq couplings could be suppressed by the 
OZI rule. Meanwhile, in the SU(3) symmetry limit, a^/a^ — g<f,NN / gujww 
can be derived, which is consistent with the ratio for an ideal ui-<fi mixingc^l, 
9<t>NN I 9ujNN = — tan 3.7°. 

Using the same parameters derived in ^p — > ftp, the cross sections for both 
7P — > 4>p and 771 — » <j)n are calculated at E 1 — 2.0 GeV (Fig. Significant 
cross section difference occurs at large angles, where da/dtt for 771 — > <fm 
is much smaller than for 7p — > <pp. A common feature arising from these 
two reactions is a relatively stronger backward peak from the "background" 
M-channel nucleon pole term. Similar feature is also found by Lagett3. 

In Fig. ||, the isotopic effects of these two reactions are shown for the polar- 
ized beam asymmetry XU = {p\ x +pi_ 1 )/(p? 1 +P?_i) = -<r±)/((T\\ +cr ± ) 
at Ery = 2.0 GeV, where an and a± denote the cross sections for — > K + K~ 
when the decay plane is parallel or perpendicular to the photon polarization 
vector. 

The dashed curves represent results for V + 7r, which deviate from +1 
(for pure natural-parity exchange) due to the presence of the unnatural parity 
pion exchange. With the S+U, the full model calculation suggests that the 
large angle asymmetry is strongly influenced by the S+U processes, while the 
forward angles are not sensitive to them. Interferences between the V and 
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Figure 4: Differential cross section for 
cj> production at E 7 = 2.0 GeV. The 
dot-dashed, dashed, and solid curves de- 
note the S+U, V + it, and full model cal- 
culations, respectively, while the dotted 
curve represents full model calculation ex- 
cluding the it-cl»e*inel contribution. Data 
come from Ref. q. 



Figure 5: Polarized beam symmetry Sa 
for the proton and neutron reactions at 
Ej = 2.0 GeV. Notations are the same as 
Fig. g 



S+U can be seen by excluding the ir (see the dot-dashed curves). It shows 
that asymmetries produced by the S+U at forward angles are negligible. Since 
the pion exchange becomes very small at large angles, we conclude that the 
large angle asymmetry is determined by the S+U and reflects the isotopic 
effects. The role played by the s-channel resonances in the two reactions are 
presented by excluding the it-channel contributions. As shown by the dotted 
curves, the interferences from the s-channel resonances are much weaker than 
that from the w-channel, although they are still an important non-diffractive 
source at large angles. 

This feature, which might make it difficult to filter out signals for individual 
s-channel resonances in the 4> photoproductions might suggest that the forward 
angle could be an ideal region for the study of other non-diffractive sources. [] 

It should be noted that no isotopic effects can be seen in E and E^ if only 
V + 7T contribute to the cross section. This is because the transition amplitude 
of V is purely imaginary, while that of pion exchange is purely real. In E and 
E^, the sign arising from the g^NN will disappear, which is why the dashed 
curves in Fig. || are (almost) the same. ItJa worth noting that our results for 
the E^ are quite similar_to findings of Rcf.Ej at small angles, but very different 
at large angles. In Ref.ES only the nucleon pole terms for the s- and w-channel 

b For example, it was suggested by Ref. the strangeness component in nucleons could 
produce large asymmetries in beam-target double polarization obpni"s*ble at forward angles, 
while we find that S+U process only make sense at large angles. Eilii3 
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processes were included. 



4 Conclusions and perspectives 

We show that the effective Lagrangian approach in the quark model basis 
provides an ideal framework for the study of resonance excitations in vector 
meson photoproduction. The great advantage is that only a limited number of 
parameters will be introduced. Meanwhile, it permits a systematic and coher- 
ent study of different isospin channels, which could be helpful in highlighting 
model-independent features in the reaction mechanisms. In the SU(6)®0(3) 
framework, photoproduction of isospin 1 (/0 0,±1 ) and isospin 1/2 (K**, K*° 

and K ) can be also studieda'ta 

Conerning the search of signals for ss component in the nucleon, the for- 
ward angle kinematics might be selective if the findings of Refs. oE3 are taken 
into account, since effects from the S+U are negligible. Certainly, since a pos- 
sible strangeness content has not been explicitly included in this model, the 
effective cjyqq coupling cannot distinguish between an OZI evading (pNN cou- 
pling and a strangeness component in the nucleon. In future study, a more 
complex approach including the possible strangeness component in the nucleon 
should be explored. 

Concerning_the efforts of searching for "missing resonances.'!— (in lo pho- 
toproduction) c3 and probing strangeness components (in (f>) E3c3, it shows 
that the isotopic channels might be useful for disentangling various processes 
involved in the reaction mechanism. Experiments using the neutron target 
could provide more evidence to pin down model-independent aspects for any 
modellingEx 
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